The strain of Saccharomyces cerevisiae used in this study was isolated originally from bakers' yeast and in this laboratory has been termed strain CR1. It had not been used previously in genetic studies and was initially incapable of sexual reproduction since no viable haploid progeny could be obtained directly from it by culturing isolated ascospores on supplemented media. The breeding stock for genetic analyses was obtained therefore from an inbred line of the original strain. Inbreeding was made possible by the fact that isolated ascospores sometimes did germinate and complete several divisions before death. Therefore intact asci were cultured, and germination within these asci was followed occasionally by mating and production of viable diploid inbred lines. Viable haploid cultures were obtained after ten generations of repeated inbreeding.
A chemically defined differential medium was employed; this is described in table 1. (1950) in the analysis of "longterm" adaptation. In the present instance the variants cannot be called galactose negative since in the medium used their growth remains dependent on the presence of galactose. Therefore they are referred to as galactose-EMB negative.
The nuclear origin of the negative character was demonstrated by mating a negative haploid (no. 385, from an induced mutant of an inbred line) with a positive haploid of different origin (ATCC 10275). The mutant character was recessive in both the crosses and backcrosses. The diploids from six such positive x negative matings segregated two positive spores and two negative spores in each of 34 asci.
The inbred line from which strain no. 385 was obtained differed from strain CR1 in that the frequency with which mutations could be induced was significantly lower; the mutation pattern was otherwise similar.
The product of a seventh and similar cross was less regular in its segregations. This in no way detracted from the foregoing evidence that the mutation represents a nuclear change but did suggest that a polyploid had resulted from the mating. Three asci from this one line gave ratios of 4:0, 3:1, and 2:2, positive to negative. Vegetative cultures from these twelve spores all sporulated again, presumably indicating that they were still heterozygous for the mating factor and therefore diploid. The product of the original cross is assumed to be tetraploid and to have doubled after the fusion of the haploid lines.
A negative haploid also has been crossed to a second positive haploid of different origin (Spiegelman's strain R427) . In this case segregations from the resulting diploid were irregular (7 asci with 4:0, 3 asci with 3:1, and 3 asci with 2:2, positive:negative), suggesting possible multilocus control of the character. Whatever may be the correct interpretation of this particular case, the whole breeding behavior of the mutant points to the nuclear (chromosomal or genic) origin of the mutation.
The induced mutant colonies are sometimes wholly white (on EMB) and sometimes sectored for white with normal appearing black. The Distribution of sector types. Evidence that sector type reflects the extent of delay in mutation would be of value in elucidating the induced mutation process. In E. coli it has been possible to estimate the cell generation in which a delayed mutant appeared by the consideration of the proportion of a sectored colony which is mutant (Witkin, 1951 (a) Nongenetic death in early divisions. A likely way in which irradiation could contribute indirectly to the dose-sectoring phenomenon is through physiological elimination of cells in early divisions following irradiation. In such an event, a potentially sectored colony could develop into either a whole-colony mutant or a normal colony. Increase in dose would lead to an increase in number of physiologically affected cells and to a consequent decrease in proportion of sectored colonies. An example of such eliminations is provided in E. coli where Witkin (1951) has shown that ultraviolet induced filaments, which contain about 20 nuclei per cell, produce many more whole colony mutants than sectored colonies. (Witkin, 1951) . The comparison shows that both mutant frequency and degree of sectoring are higher in strain B/r than in strain B. A large part of these differences has been shown to be the result of differences between the two strains in average number of nuclei per cell. However, it seems likely that some of the increase in mutant frequency and degree of sectoring can be attributed to differences in nuclear or cellular eliminations folloving irradiation. Both the changes are consistent with the assumption that fewer such eliminations take place in strain B/r than in strain B. This is made more likely by the fact that strain B/r differs in part from strain B in that early division is not inhibited to the same extent following irradiation (Witkin, 1946 The effect of clumped cells can be eliminated from the data by estimating, at different doses, the proportions of mutating single cells which produce sectored colonies. If the variation between these proportions is not much less than that of the unadjusted data, then the effect of clumping can be considered negligible. The data were adjusted in this manner, and the estimates of the ratios of sectored to whole-colony mutants produced by mutating single cells are given in the last column of table 3. The estimates were calculated from survival counts and from the proportion of single cells in inocula (84 per cent). The latter value was probably biased in the direction of underestimating the proportion of single cells since all cells which drifted together under the counter were classed as aggregates and since, according to DeLamater (1950) , buds are quite large before the advent of mitotic prophases in their parent cells. It was assumed that death of a budding or clumped cell was independent of that of its mate. Clumps containing more than two cells were treated as paired cells since their frequency was less than one per cent. The above considerations produced values in which the maximum effect of clumped cells on sectoring was estimated. The similarity of the adjusted and actual data demonstrates that little of the decrease in proportion of sectored mutant colonies with increasing dose can be attributed to a reduction in proportion of budding or clumped cells.
(c) Delayed recessive lethal mutations. The extremely low survival of haploid progeny derived from strain CR1 indicates that the strain is probably heterozygous for several recessive lethals. In some cells, irradiation may be expected to produce lethal mutations which are homologous to these existing lethals and which result in death of the affected cells. If these mutations were delayed for a generation with resultant sectoring for normal and lethal characters, the number of galactose-EMB sectored colonies would be reduced, some becoming nonmutant colonies and some becoming whole-colony mutants. The effect would be increasingly pronounced with higher doses and this might account for the decrease in sectoring.
Since inbreeding can be expected to reduce the number of heterozygous lethals in a strain, the hypothesis was tested by studying the mutation pattern in inbred strains. It was considered that, if the effect of delayed recessive lethal mutations was important, the ratio of sectored to whole-colony mutants would be higher in these strains than in strain CR1.
Inbred lines derived from strain CR1 were available for the tests. Three strains, a first, a table 5 were all significantly lower than that of strain CR1, and that of inbred line no. 372 was significantly lower than the other two. It is apparent that inbreeding can affect induced mutant frequency. Since the ratios of sectored to whole-colony mutants in the inbred lines were all similar despite the differences in induced mutant frequencies, it seems that degree of sectoring can be a function of dose and can be independent of the mutation rate.
(d) Delayed dominant lethal mutations. Dominant lethal mutations, like recessive lethal mutations, could affect sectoring provided they were delayed at least one division, producing a viable and an inviable (aborted) line of descent.
No test of this hypothesis has been carried out. However, it may be noted that while the correlation of colony size and degree of sectoring (table 4) is in accord with the hypothesis that nongenetic death affects sectoring, it is also in accord with the hypothesis that dominant lethals affect sectoring if it is assumed that colony size following irradiation is a measure of mutagenic dose received. In this case the higher probability of nonsectoring in smaller colonies could be attributed to an increased probability that delayed dominant lethals occurred in the cells producing such colonies. However, under the same assumption, reduced sectoring in smaller colonies could be attributed to a direct effect of increased dose on time of mutation of "galactose genes." Under these circumstances the role of delayed dominant lethals can only be considered as a distinct possibility.
It appears that the dose-sectoring phenomenon may well be, either in whole or in part, a secondary effect of irradiation. Of the possible contributing factors which have been considered, those of nongenetic death and of delayed dominant lethal mutations seem most likely to be important. Both of these would act by eliminating cells in early divisions following irradiation. The possible importance of one or both of these factors suggests that the actual amount of sectoring which occurs among irradiated cells, and indeed the total number of mutant colonies, is grossly underestimated by colony counts using higher doses of ultraviolet radiation. One may even speculate that all wholly mutant galactose-ENIB negative colonies are spurious.
SUMMARY
The effect of dose of 2537 A ultraviolet radiation on sectoring in variant colonies of Saccharomyces cerevisiae has been examined, using hereditary changes from galactose-EMIB (eosinmethylene blue) positive to galactose-EMIB negative. In the strain of yeast used, the variants occur with frequencies approaching 10 per cent, permitting quantitative data to be obtained within the range of doses giving high survival (down to 40 per cent). A proportion of the variant colonies are sectored; that is, positive sectors are present within negative variant colonies. With increasing dose, increasing frequency of variant colonies is accompanied by a progressive decrease in proportion of those which are sectored.
Investigations were concerned with effects of irradiation which might contribute to the dose-sectoring phenomenon It was concluded that degree of sectoring could be modified by failure of, or delay in, recovery of one or more cells of microcolonies in early divisions following irradiation. Such failures could result either from nongenetic effects of radiation or from delayed dominant lethal mutations. It is suggested that sector frequencies at high doses, as determined by colony counts, are a gross underestimate of the actual amount of sectoring among irradiated cells.
